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Introduction
Laparoscopic subtotal cholecystectomy (LSC), which avoids hazardous dissection at Calot's triangle, has been recognized as a safe and feasible alternative to conversion to laparotomy in cases of severe cholecystitis or liver cirrhosis (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . However, the procedure may be associated with an increased risk of residual or recurrent stones in the gallbladder remnant (13, 14) .
According to the principle of the procedure described in the original report on open subtotal cholecystectomy (15) (16) (17) , in which the cystic duct was secured at its orifice, no portion of the gallbladder should be left connected to the biliary tree. Several studies on LSC for severe cholecystitis have also described the surgical procedure based on this concept (4, 5, (7) (8) (9) 12) , in which the infundibulumcystic duct junction is divided and closed as close to the cystic duct as possible (18) . However, severe inflammation with extensive adhesion may hamper the identification of Hartmann's pouch and the junction to the cystic duct. Indeed, there are some variations of LSC that depend on the site of gallbladder transection or the treatment of the posterior wall. Therefore, the feasibility of the original principle of minimizing the gallbladder remnant in LSC remains to be elucidated.
The objective of this study was to evaluate the safety and feasibility of the complete removal of the gallbladder cavity and the subsequent closure of the cystic duct orifice in LSC for severe cholecystitis.
Materials and Methods

Patients
The laparoscopic approach was primarily chosen for benign gallbladder disease regardless of whether the patient had combined cholecystitis or a history of surgery, except for cases of suspected malignancy. Diagnostic examinations, such as blood tests, abdominal ultrasonography, and abdominal CT, were performed in all cases. Preoperative magnetic resonance cholangiopancreatography (MRCP) was also employed to identify the biliary anatomy (including possible variations) and the location of gallstones. In cases of acute cholecystitis, early laparoscopic cholecystectomy was applied primarily for patients without any comorbidities. When severe systemic complications were suspected, percutaneous transhepatic gallbladder aspiration or drainage with antibiotic therapy was initially performed, followed by interval elective laparoscopic cholecystectomy.
During the 30-month period from January 2015 to June 2017, a total of 412 consecutive laparoscopic cholecystectomies were performed at Aichi Medical University Hospital. LSC with cystic duct orifice suturing (CDOS) was performed in 12 of these cases. The clinical records of these patients, including the clinical factors, imaging findings, operative records, and outcomes, were retrospectively analyzed. The study protocol was approved by the institutional review board of Aichi Medical University Hospital. Informed consent was obtained from all patients.
Surgical technique
The LSC procedure was modified from a previously described technique and was performed only in cases of cholecystitis with severe fibrosis or inflammatory changes that prevented safe dissection in Calot's triangle (11) . The concept of CDOS is illustrated in Figure 1 : the infundibulum-cystic duct junction was divided in a circumferential direction, while the posterior wall adherent to Calot's triangle was left behind.
Under pneumoperitoneum with CO 2 (intra-abdominal pressure: approximately 10 mmHg), a four-port technique with three 5-mm ports and one 12-mm port was employed; a 10-mm flexible laparoscope was used. After division of the perivesicular adhesion between adjacent tissues including the right colon, duodenum, and omentum, the inflamed gallbladder was exposed. The fundusfirst technique was employed, in which the liver bed was divided downward from the fundus to the neck. The division was completed ventral to Rouviere's sulcus before the plane of Calot's triangle was reached.
Next, Hartmann's pouch-which is embedded in the space surrounded by the hepatoduodenal ligament, Rouviere's sulcus, and the duodenum-was identified by its characteristic round form and continuity with the fundus. If Hartmann's pouch was not successfully identified and there were impacted stones, an incision was made through the ventral and caudal side of the gallbladder neck or body to allow the anatomy of Hartmann's pouch and the cystic duct orifice to be visualized from the inner lumen (the inside approach).
The wall of Hartmann's pouch and the infundibulum was carefully detached from the adherent adjacent tissues to find the pathway to the cystic duct. Special attention was paid to dissect only along the plane of the gallbladder wall. After the anatomy of the infundibulum-cystic duct junction was confirmed, the infundibulum was divided in a circumferential direction as close to the cystic duct as possible ( Figure 2a ). The limited area of the posterior wall adherent to Calot's triangle was left behind; the wall's muscular layer was dissected but not the outer wall of the gallbladder. In cases in which there was significant difficulty in dissecting the gallbladder neck, the whole layer of the posterior wall was left attached to the hepatic hilum, and the mucosa was stripped off or ablated using Figure 1 The concept of cystic duct orifice suturing in laparoscopic subtotal cholecystectomy. The infundibulum-cystic duct junction is divided circumferentially, and the posterior wall adherent to Calot's triangle is left behind.
an energy device. The gallbladder contents were evacuated by removing and/or aspirating them when the gallbladder wall was divided. The removed stones were placed in a plastic bag.
After the stump of the cystic duct orifice was identified (Figure 2b ), the opening was closed with absorbable sutures ( Figure 2c) ; this was performed carefully to avoid catching the common bile duct. Intraoperative cholangiography was not routinely attempted. The resected gallbladder and stones were placed in a plastic bag and extracted from the umbilical wound. The operative field was washed thoroughly, and a subhepatic drain was placed in all cases.
Results
During the 30-month study period, 412 of 427 cholecystectomy patients (96.5%) underwent laparoscopic cholecystectomy. Conversion to laparotomy was necessary in one of these cases because of extensive adhesion in the peritoneal cavity. LSC was performed in 25 cases; the procedure was performed with CDOS in 12 of these cases. Figure 3 is a flowchart showing the performance of cholecystectomy at our institute. The preoperative features of the patients are shown in Table 1 . The 12 patients included five women and seven men; their median age at the time of the operation was 60.5 years (range, 39.0-83.0 years). Three patients underwent early surgery; the other nine patients underwent elective surgery. Seven patients were diagnosed with acute cholecystitis preoperatively, whereas severe inflammation of the gallbladder was not predicted in the other five patients (acute cholangitis, n = 2; cholelithiasis, n = 2; chronic cholecystitis, n = 1). Percutaneous transhepatic gallbladder drainage was required in three patients, and percutaneous transhepatic gallbladder aspiration was required in two patients. Common bile duct (CBD) Figure 2 Operative technique of cystic duct orifice suturing. (a) After confirmation of the infundibulum-cystic duct junction anatomy (arrowheads), the infundibulum was divided in a circumferential direction as close to the cystic duct as possible. (b) After the stump of the cystic duct orifice (arrowheads) was identified, (c) it was sutured and closed (arrowheads). stones were detected in five patients. The procedures that were performed in these five cases included endoscopic retrograde biliary drainage (n = 4), endoscopic sphincterotomy (n = 4), and endoscopic papillary balloon dilation (n = 1).
The operative outcomes in the 12 cases in which CDOS was performed are shown in Table 2 . The median operating time and blood loss were 158 min (range, 110-234 min) and 20 mL (range, 5-55 mL), respectively. In all cases, CDOS was completed without conversion to an open procedure, and neither bile duct injury nor vessel injury occurred. The closure of the stump could be completed in all of the cases. The inside approach was employed to identify Hartmann's pouch and/or the cystic duct orifice in six cases because of stone impaction to the gallbladder neck (n = 1) and severe inflammation and adhesion (n = 5). In one case in which the cystic duct orifice could not be definitively identified, intraoperative cholangiography was performed via cannulation into the stump, and the cystic duct and common bile duct were clearly visualized. The median duration of postoperative hospitalization was 6 days (range, 3-12 days). Postoperative complications occurred in two patients (18%; bile leakage, n = 1; common bile duct stones, n = 1). These complications promptly resolved after endoscopic transpapillary treatment. There was no incidental gallbladder carcinoma or mortality in this case series.
A postoperative imaging assessment (MRCP or endoscopic retrograde cholangiopancreatography) was performed in 8 of 12 cases (66.7%). A gallbladder remnant was not observed in any of these cases (Figure 4) .
Discussion
Many studies have evaluated the feasibility of LSC in cases of difficult gallbladder (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . The technique now appears to be well established. However, insufficient visualization of Hartmann's pouch and its connection to the cystic duct because of severe adhesion and inflammation may result in incomplete gallbladder removal, leaving behind a dysfunctional remnant (13, 14) . Although the procedure to secure the cystic duct at its orifice is important in LSC, the technique has not been clearly distinguished from the closure of the gallbladder neck in previous studies. The present study represents the first attempt to evaluate the safety and feasibility of laparoscopic CDOS, which was previously described as a principle of subtotal cholecystectomy. The key points of the procedure in LSC for severe cholecystitis are how Hartmann's pouch is identified and how the infundibulum- cystic duct junction is transected and closed. In the present series, the inside approach was employed when necessary (4, 5) . Twelve patients were safely treated with this method, which enabled the complete removal of the gallbladder cavity, concomitantly avoiding the hazardous dissection of Calot's triangle. In CDOS, the stump of the cystic duct opening was closed by suturing the inflamed wall. Therefore, the technique may be associated with an increased risk of postoperative bile leakage and local infection. In our series, bile leakage occurred in one patient who was successfully treated by endoscopic biliary stenting. Bile leakage from the cystic duct stump does not result in major complications when it can be controlled by conservative management (2, 11) . Nonetheless, residual stones in the CBD have the potential to cause cholestasis and promote stump leakage.
In the current study, a CBD stone, which had not been diagnosed by preoperative MRCP, was found after surgery in one patient. The gallstone, which may have migrated from the gallbladder to the bile duct via the cystic duct before or during surgery, was endoscopically removed after surgery. In CDOS, the total length of the cystic duct was left, as it was sutured close to the gallbladder to prevent contact with the hazardous area. As such, we need to be aware of the possibility of residual calculi in the cystic duct, which may result in CBD stones after surgery. Currently, the endoscopic transpapillary approach, an established technique for the removal of CBD stones, is a treatment of choice for these difficult calculi. Follow-up examinations should be performed to detect problems associated with the remnant cystic duct, such as newly formed gallstones or postcholecystectomy syndrome (19) .
The rate of incidental gallbladder cancer among patients undergoing laparoscopic cholecystectomy is reported to be 0.7% (20) . The LSC procedure allows for the intraoperative spillage of the gallbladder contents into the abdominal cavity, which could lead to the dissemination of tumor cells if a malignant lesion were present. Therefore, it is very important to carefully check any findings that suggest malignancy on preoperative CT or MRI. Laparoscopic procedures to open the gallbladder, including CDOS, should be avoided when the presence of carcinoma is suspected.
Because there is a risk of false recognition of the anatomy due to extensive and firm adhesion when identifying Hartmann's pouch and the infundibulum, it is important to be aware of the individual patient's information with regard to the spatial relationship between Hartmann's pouch and the bile duct, possible variations in the biliary anatomy, the location of gallstones, and confounding gallbladder morphology (e.g. an hourglass configuration due to adenomyomatosis (13) ). Preoperative MRCP undoubtedly contributed to the successful performance of CDOS in our study. Laparoscopic ultrasound or intraoperative cholangiography through the intraluminal orifice of the cystic duct may be useful for recognizing the anatomy of the bile duct and cystic duct during surgery (21) ; however, the feasibility and efficacy of these procedures in LSC for severe cholecystitis remains to be elucidated.
The present study had some limitations. Distinguishing the dilated cystic duct from the gallbladder neck was difficult, even when it could be distinguished based on histological findings (14) . The narrowest part of the duct-like (or elephant's trunk-like) structure connected to Hartmann's pouch, in the area that can be safely approached from the infundibulum, was assumed to be the site of the cystic duct orifice during CDOS. Moreover, the population of this study was relatively small. Further studies with larger cohorts are necessary to confirm the effectiveness and clinical relevance of CDOS.
In conclusion, LSC with CDOS was safely performed in our case series of severe cholecystitis. The procedure helps avoid damaging the bile duct and major vessels as well as the need to convert to laparotomy. This technique to completely remove the gallbladder cavity may also contribute to reducing the incidence of complications that can occur when a gallbladder remnant remains after LSC.
